Caging, feeding and handling are described. The animals were obtained for study of their reproduction and details of this are given. EIN WEITERES HYSTRICOMORPHES NAGETlER: DAS ZUCHTEN VON CASTRAGUA (PROECH1MYS GUAJRAE) IN DER GEFANGENSCHAFT Die Unterhaltung im Kiifig, Nahrung und Handhabung werden beschrieben. Man ersland die Tiere zum Studium ihrer Fortpflanzung, und es wird darliber Auskunft gegeben. UN AUTRE RONGEUR HYSTRTCOMORPHE: CASIRAGUA (PROECH1MYS GUA1RAE) MAINTENU EN CAPTIVITE On decrit Ie maintien en cages, la nourriture et la manipulation. Ces animaux ont ete obtenus pour etudier leur reproduction, et on en donne des details.
The family Echimyidae contains tropical and sub-tropical members of the rodent suborder Hystricomorpha.
13 genera from northern South America and Central America have been described, but field studies have been recorded only for the genera Hoplomys (thick spined 'ra!'), Diplomys (arboreal 'rat') and Proechimys (spiny or bristle 'rat').
Several species of these genera are sympatric (Buchanan & Howell, 1965; Fleming, 1970; Tesh, 1970a) . Few attempts have been made to keep echimyid rodents in captivity.
Hoplomys gymnurus has been studied by Buchanan & Howell (1965) and by Tesh (l970a) . Tesh has also kept Diplomys darlingi (l970b) and Proechimys semispinosus (1970a) . The latter species was said to breed only after treatment with 50 iu human chorionic gonadotrophin (HCG). Maliniak & Eisenberg (1971) achieved successful matings in P. semispinosus when the animals were introduced in simultaneous encounter cages, but adult animals could not be kept together because the young were eaten. A consignment of some Proechimys guairae (Fig. 1 ) was used to establish a breeding colony at the Wellcome Institute and to compare the reproductive physiology of this species with that of other members of this suborder (Weir, 1967 (Weir, ,1970 . Fig. 1 . A group of casiragua of 3 generations. The spiny pelage and the naked tail can be seen, and an identification hole is visible in the right pinna of the animal on the left. ANIMALS 20 animals (9<3'<3', 11n) were sent from Venezuela in January 1971. The species Proechimys guairae was once considered to be a race of P. guayannensis but Reig, Kiblisky & Lobig (1970) have shown that there may be considerable differences in the chromosome complement of some of the recognized subspecies of P. guayannensis. P. guairae has a diploid number of 46 (Reig et al., 1970; George & Weir, 1973) . The common name of this animal is spiny 'rat' or 'casiragua'; the latter name is preferred as it avoids possible confusion with the true rats of the suborder Myomorpha.
Casiragua resemble the laboratory rat at first sight ( Fig. 1) . However, the pelage is spiny, like that of the spiny mouse (Acomys) and the under 'fur' of the African porcupine (Hystrix).
The agouti colouring is a yellowish-brown to red. The eyes are large and protuberant and have a vertical slit pupil. The ears are prominent but not large. The incisor teeth are light orange.
The naked, scaly tail readily autotomizes at the base, between the 5th and 6th caudal vertebrae (Hamilton, 1939) , and does not regenerate.
When disturbed, a moaning cry is made which rises to a crescendo before an attack by another animal.
HUSBANDRY

Housing and caging
Room temperature in which the casiragua were housed varied from 20°C to 24°C, and illumination was natural daylight with additional artificial light from 0700 to 2000 hours.
The casiragua were maintained in groups of up to 15 in double rabbit cages (Type C13; E. K. Bowman Ltd, 32 Holmes Road, London, N.W.5) having all the normal barred parts covered with 25 X J 3 mm (I X .! in) welded steel mesh to prevent escape. The food hoppers also had to be carefully blocked.
The sawdust and hay litter was changed 3 times a week. In these conditions cannibalism, which has been reported by Maliniak & Eisenberg (197 J) was rare, but severe fighting would sometimes break out between adults.
Some groups would fight continually, even when the apparent miscreants were removed, whilst others remained placid for long periods and then suddenly become upset. The commonest cause of a crisis was a parturient female who tried to fend off the approach of the male and some, at least, of the other females. In the double rabbit cages such fighting was rarely prolonged or fatal, but in smaller cages animals died if persecution persisted for more than about 2 days. The wounds were inflicted by the teeth, and whole areas of skin were ripped from the underlying muscle. The injured animal did not appear to be in pain and granulation and scarring was usually complete within 10 days. The fur grew again but was more sparse than usual.
Identification
This was effected by a system of holes and notches punched in the pinna (Fig. 1) . Leg rings or ear tags were not tolerated and the above system worked well unless the casiragua fought excessively; they were then identified by their particular scars.
Feeding
All the animals were given a fruit (orange, banana and apple) and vegetable (carrot, potato and cabbage) mixture daily. Some were also offered a pelleted rat diet (Diet 86; E. Dixon & Sons Ltd, Crane Mead Mills, Ware, Hertfordshire) ad libitum, and the rest had a seed (oats, maize, corn and sunflower) and pellet mixture: preliminary studies have indicated that casiragua may prosper on the peUeted diet by itself, like the chinchilla (Weir, 1967) . Water and hay were always available.
Hygiene
When the casiragua arrived from the wild they were heavily infested with lice (not yet identified).
The adult lice were removed by complete immersion in a solution (I g per litre water) of 'Alugan' (Hoechst Pharmaceuticals, 50 Salisbury Road, Hounslow, Middlesex).
This treatment has been repeated at 2-monthly intervals because the louse eggs, laid along the flattened surfaces of the spiny hairs, were not affected.
Handling
Casiragua rarely bite and can be picked up by a scooping movement or by the base of the tail. With both methods the animal should then be allowed to cling to a coat sleeve; the claws are very sharp and even with an experienced handler the tail may autotomize (see above).
Casiragua are not nervous animals but they will jump or scramble away if given the chance.
Observations
The animals were examined daily for births, deaths and reproductive condition.
They were weighed once weekly as a check for health. 16 adult males weighed 429±]9 g (mean ± s.e.). It was not possible to determine the weight of a large number of normal females since they were either juvenile or gravid (see below), but the mean weight of 14 females isolated from males was 305 ± 16 g and was significantly different (Student's t test) from that of males (P<O·OOl). REPRODUCTION A breeding group consisted of an adult male, about 4 adult females, and their offspring of various ages. Some retrieval of young did take place but there was no permanent nest site and the young frequently wandered from their mother and settled by or even sucked from another female.
Adult males lived together amicably, although they fought sometimes without any apparent cause, as described above.
Oestrous cycles
Oestrus occurred throughout the year. Like all other hystricomorphs so far examined, except the coypu (see Weir, 1972) , the casiragua has a vaginal closure membrane which is perforate only at oestrus and parturition (Fig. 2c) .
The membrane remained perforate for ! to 3 days at oestrus. Since the casiragua were nearly always pregnant once they had begun to breed, oestrous cycles were rare and mainly occurred before the Ist conception.
cycles
having an average length of 20·7 ±3-4 days were recorded from females who were with a male. 7 of 12 females not with a male cycled with a periodicity of 26'2±2'1 days (N =20), but these means were not significantly different. The mean cycle length (N=61) for all females (34) was 22·5±3·4 days. 
Gestation
]06 pregnancies were accurately timed from the presence of spermatozoa in the vaginal smear. The mean length of gestation was 62·6 ±O'2 days. Only has occurred females remain in this state. Thus females who have littered can be considered pregnant again with certainty.
Primigravid females can be detected by the appearance of a dark band, presumably blood, behind the closed vaginal membrane.
Parturition
Parturition usually occurred during the afternoon and could be adduced from the moaning in the cage. The births of young in a litter were sometimes spread over several hours and occasionally there was a considerable size difference between the members of a litter. The mean weight at birth was 20·9±0·3 g (190 animals).
The casiragua at birth are well covered with grey fur which does not change to the spiny pelage until they are about 2 months of age. Age (days) Fig. 3 . The growth rate of male and female casiragua from birth to 100 days of age, showing the faster development of males from an early age. Each mean (± s,s.) represents at least 5 animals.
]3]
Litter size
The number of young in ]23 litters ranged from 1 to 6 and averaged 2·7. There was no difference in litter size of primiparous females mated at ]st vaginal opening (1'9 young) and those mated for the ]st time at a later oestrus (1'8 young), but both these values were lower than the litter size of females after their 2nd pregnancy (2'6 young).
Sex ratio
For 33] young the sex ratio was I00~~: 85 d'd'. The sexes are easily determined (Fig. 2) ; there is a greater separation of the anal and urinary apertures in the male and there is an os penis. No scrotum or post-anal sacs occur in this species and the testes are always inguinal or abdominal.
Weaning
The duration of lactation was not determined, but young casiragua could survive if the mother was removed at 5 days post partum.
Female offspring were rarely removed from the parental cage, but males were usually segregated at 2-4 weeks of age.
Growth rate
Although there is no difference in birth weight between the sexes, the adult size differences are apparent in the growth rates of male and female casiragua (Fig. 3) . At 100 days of age,S males (302±7 g) were significantly (P<O'OOl) heavier than females (237±6 g; N=51).
Puberty
Vaginal opening] st occurred at 65·6±2-4 days of age in 78 females that were with competent males, and at 95'2±7'5 days in 14 females isolated from males. This difference was significant (P<O·OOI).
Age at ]st conception was recorded accurately for 52 animals; 29 became pregnant at their 1st vaginal opening at 62·5 ±3·6 days, and the others conceived at an average of 106·2 ± 7·2 days. Males were capable of breeding at 3 months of age.
DISCUSSION
It has been shown above that this echimyid rodent has bred extremely well in the conditions of captivity described, which is surprising in view of the adverse reports of breeding in captive P. semispinosus (Tesh, ] 970b; Maliniak & Eisenberg, 1971) . It is possible that the temperaments of the 2 species do vary widely enough to account for the difference, but in view of the author's experiences in breeding many hystricomorph species (Weir, ] 967, ] 970), this seems unlikely. Moreover, the success of the present breeding colony of P. guairae is due to the reproductive characteristics of this species and these do not differ greatly from those reported for P. semispinosus. Moojen (1948) considered that Brazilian species of Proechimys were seasonal breeders, but breeding throughout the year has been described in wild (Davis, ] 947; F]eming, ]970; Tesh, ]970a) and captive (Tesh, 1970b; Maliniak & Eisenberg, 197] ) P. semispinosus.
Litter sizes averaged 2·5 (Fleming, ] 970), 3,3 (Tesh, ]970a) and 2·8 (Maliniak & Eisenberg, 1971) for this species and Davis (1947) gives 2· 7 young for P. dimidiatus.
These values agree well with the present finding of 2·7 for P. guairae.
There are discrepancies in the literature about the sex ratio at birth. Maliniak & Eisenberg (1971) give 100~~: 61 d'd' for 37 young P. semispinosus but Tesh (1970a) found ] 00~~: 145 00 for 54 young. The latter author also reported that his spiny 'rats' bred only after 50 iu RCG was given; the animals littered 47 to 54 days later. In view of the gestation length of 64,8 days (63-66 days) given by Maliniak & Eisenberg (1971) for 8 animals, and that of 62·6±0·2 days for 106 P. guairae pregnancies in the present study, the data of Tesh (l970a) are difficult to evaluate, especially as Tesh (1970b) records a personal communication by G. S. Tikasingh that the minimum gestation period of P. guayannensis is 55 days. The rationale for the use of HCG to induce mating is inexplicable.
The animals would have to be induced ovulators, like rabbits, for RCG alone to induce ovulation (see Weir, ] 969, 1973a) and the dosage (50 iu) seems excessive. Ovulation is induced in chinchilla (twice the size) by ]0 iu RCG only after priming with pregnant mares' serum gonadotrophin (PMSG), and several regimens had to be investigated to find gonadotrophin treatments that would also induce oestrus (Weir, 1973a) .
It is possible that the differences in response to RCG may be the result of species differences in sensitivity, but it seems unlikely that 50 iu RCG were effective in spiny 'rats'.
The animals must have been pregnant before the treatment with BCG and it is surprising that the pregnancies were unaffected, as high doses of BCG can cause excessive luteinization of all the ovarian components, thus disturbing the hormonal balance.
Neither Tesh (1970a, b) nor Maliniak & Eisenberg (1971) mentioned the existence of a vaginal closure membrane in Proechimys although Davis (1947) described it in P. dimidiatus and its possession is known to be characteristic of this rodent sub-order (see Weir, 1972) . Perforation of the membrane is indicative of behavioural oestrus in many other hystricomorphs and is confirmed in the casiragua by the high proportion (56 %) of females that conceived at the time of 1st vaginal opening. Thus, 1st vaginal opening may be regarded as puberty. The social environment had some influence on the time of attainment of puberty; females kept in groups away from males reached puberty later than females who were with males as has been shown for mice (Vandenbergh, Drickamer & Colby, 1972) and cuis, Galea musteloides (Rood & Weir, ] 970; Weir, 1971 , ]973b).
However, the mean age at 1st vaginal opening in P. guairae (95'2±7'5 days) was less than the earliest conception at 100 days for P. semispinosus (Maliniak & Eisenberg, ] 971). Several P. guairae conceived at 35 days of age and this may be a significant difference between the species.
Although casiragua usually ovulate spontaneously, females of low parity were unlikely to ovulate at the post-partum oestrus if no male was present (unpublished observations).
The post-partum oestrus was found to be very fertile, only 2 females failing to conceive at this time, in spite of the fighting that usually occurred.
Aggression by the parturient female was common, but fatality among adults was low and young casiragua were eaten only if they were stillborn.
This finding contrasts with that of Maliniak & Eisenberg (J 971) who were unable to maintain adult groups.
The lifespan of members of this genus has not been established. Moojen (1948) indicates that animals may live for more than 2 years but Fleming (1969) suggests that survival at I yefir is only O' 36. Only 1 casiragua has died of undetermined cause(s) and none has ceased to breed.
Some of the females who arrived as adults in January 1971 are experiencing their 10th pregnancy in captivity.
All the above factors have resulted in a comparatively rapid increase in the size of the colony.
The reproductive rate of the casiragua is low in comparison with the highly prolific laboratory rat and mouse, but is much faster than that of some other hystricomorph species (see Weir, 1967 Weir, , 1970 . Animals from the casiragua colony have been used for various investigations (George & Weir, ] 973; Roberts, ] 973), and a detailed study of its reproductive physiology is now being undertaken.
